Abstract. Interdisciplinarity, which is a part of the research paradigm in all fields of science, constitutes a real challenge in research. It manifests itself particularly in the diversity of the undertaken research topics, in the variety of the adopted research approaches (theoretical, methodological, normative, empirical-descriptive), and in the flexibility and the ability to see both the scientific problems as well as the economic and social needs. The ability to cross the boundaries between the fields of technical and social sciences, to identify problems and to seek solutions at the frontiers of scientific disciplines, the eagerness to work in research teams diverse in terms of competence, age and skills, creating conditions for both the personal development and that of individual team members, breaking the stereotypical ways of thinking in the process of solving problems and anticipating future events are all features of an academic culture nurtured by Professor Joanicjusz Nazarko. The paper highlights the research of Professor Joanicjusz Nazarko, presents a review of his extensive scientific work and lists some of his publications.
Introduction
"Science and everyday life cannot and should not be separated"
Rosalind Franklin (1920 Franklin ( -1958 What is clear is that science will need new kinds of scientists, many of whom will need to be first-rate in more than one field of science as scientific research increasingly needs to occur across traditional scientific boundaries (Winiwarter 2014) . The challenge for science as a whole is the interdisciplinarity, which is part of the paradigm of research in all fields. The most commonly accepted definitions of interdisciplinarity come from the OECD (1998), in which multi-disciplinarity, interdisciplinarity, and transdisciplinarity are used in reference to the increasing of levels of interaction among disciplines. Thus, in multidisciplinary research, the subject under study is approached from different angles, using different disciplinary perspectives and integration which is not accomplished. Interdisciplinary research leads to the creation of a theoretical, conceptual, and methodological identity, so more coherent and integrated results are obtained. Finally, transdisciplinarity goes one step further and it refers to a process in which convergence among disciplines is observed, and it is accompanied by a mutual integration of disciplinary epistemologies (Morillo et al. 2003) . The importance of interdisciplinary research is widely recognized, since cross-disciplinary research is associated with creativity, progress, and innovation, and many of the intellectual "breakthroughs" of modern times were obtained by crossing disciplinary boundaries.
Interdisciplinarity means crossing the boundaries between disciplines, recognizing problems and ways of solving them, in a manner often unconventional, different from the monophonic approach. The tools enabling solving problems from the borderline of disciplines include: methods of analysis of the productivity of organizations (Data Envelopment Analysis, benchmarking), and the foresight research methodology.
Data Envelopment Analysis (DEA) is a methodology originally used in the area of operational research, where the interest is to compare different and independent units (firms, departments, etc.) in relation to their productive efficiency. Existing applications of DEA include particularly analysing the productive performance of health care services (Deidda et al. 2014) ; assessment of transport systems (Fancello et al. 2014; Zhou et al. 2014) , measuring environmental performance (Nabavi-Pelesaraei et al. 2014; Yang et al. 2014) , performance of financial systems (Ebrahimnejad et al. 2014; Gunawan, Shieh 2014; Perek 2014) and indicate significant potential for use of the method in other areas. The Data Envelopment Analysis method occupies an important place in the comparative efficiency studies in the public sector worldwide. Examples of DEA application in the area of higher education from around the globe are described in works by Leitner et al.(2007) , Figueiredo de Franca et al. (2010) , Bougnol and Dula (2006) and also by Nazarko (Nazarko 2010; Nazarko, Saparauskas 2014; Nazarko et al. 2008c) . Benchmarking is also widely used in the public sector represented by the higher education (Agasisti, Bonomi 2014; Kuźmicz 2013; Nazarko et al. 2009b; Skourdoumbis 2014) .
While the two mentioned above tools allow for static evaluation of the effectiveness of units, without taking into account the time factor, and their comparison to the best, the third tool, "foresight", takes into account the time factor and allows for a systematic anticipation of the future states of reality. In simple translation, the English word foresight stands for anticipation, prediction. This translation, however, narrows the meaning of the term. Due to the lack of a commonly accepted equivalent of the word "foresight" in Polish and in many other languages, the English term is used in the literature. The closest possible meaning of the term "foresight" may be its translation as "active building of future's image". According to Keenan and Miles, foresight is a systematic participation-based process of building medium-and long-term vision aimed at present decisions, and putting forth common actions (Keenan, Miles 2001) . The interdisciplinarity of foresight research is indicated by its current areas of application. These include: regional development (Docksai 2012) ; trade policy, including the energy policy (Doukaset al. 2014; Hansen 2008) , innovation policy (Hansen 2008; Magruk 2012; Wiley 2007) ; public policy Habegger 2010; Nehme et al. 2012) .
Prof. J. Nazarko, in more than 30 years of his professional work, has significantly contributed to the development of the above-mentioned tools from the methodological and application perspectives. He pointed to the current weaknesses of these tools, to the methods of their improvement and to the areas of new applications.
Scientific interdisciplinarity
The scientific path of Prof. J. Nazarko was not a typical one. His interests and scientific achievements evolved over time from the field of technical sciences to the field of economic sciences. In the period before obtaining a postdoctoral degree in technical sciences, the mainstream of his research was related to the control and management of the operation of power systems under the conditions of uncertainty. Even then, however, a part of his works combined the issues from the areas of technical and economic sciences, which was reflected in several important publications. In the period before obtaining the title of professor of technical sciences, the acquis of Joanicjusz Nazarko contained a number of achievements in the field of economic sciences: -development of the theory of information systems in the field of power management; -development of methods for managing the demand for electric energy; -development of research on the model of the local electric energy market; -development and adaptation of modern research methods (methods of artificial intelligence, theory of probability and statistics) to the issues of power management and control.
The tangible effect of the research conducted by J. Nazarko at that time comprised several major publications of interdisciplinary character in journals of global (Broadwater et al. 1997; Sargent et al. 1994; Nazarko, Zalewski 1999; Nazarko et al.1998) and national reach (Nazarko, Jurczuk 1996) . The nature and specificity of the field of technical sciences, being the main concern of the scientific achievements of Prof. J. Nazarko, require the interdisciplinary approach, both in purely theoretical-cognitive, as well as application terms. This interdisciplinarity of the research of J. Nazarko became more pronounced after obtaining the postdoctoral degree in technical sciences.
After obtaining the academic title of professor of technical sciences in 1998, J. Nazarko reoriented his research interests in the direction of management sciences even more clearly. Working at the Faculty of Management at the Bialystok University of Technology, Prof. J. Nazarko gained significant scientific achievements in the field of economic sciences, focused mainly on management science, creating a personal research program, which can be defined as a custom application of selected modern management methods in knowledge based society. Within this program, special attention should be paid to the Professor's contribution in the expansion of knowledge concerning: -the theory and methods of analysis of the productivity of organizations, -the concept of benchmarking in the public sector, -the theory and methodology of foresight research.
In the opinion of Professor Marian Gorynia, all interests and achievements of Prof. J. Nazarko in the area of economic sciences create a unique set of research results. This acquis has been built in an incremental manner, taking into account the needs of the economy and the scientific advances.
The results of the research carried out individually or in research teams were announced by Prof. J. Nazarko systematically in the form of articles and papers presented at numerous conferences -abroad and domestic.
Data Envelopment Analysis in the research of productivity of the public sector
An important area of the scientific inquiry of Prof. J. Nazarko in the field of economic sciences concerns the productivity analysis of organizations. He is one of the national precursors in the application of the method of Data Envelopment Analysis in the research concerning the productivity of the public sector, particularly of the higher education institutions. The creative contribution of Prof. J. Nazarko to the development of the methodology and applications of DEA in the comparative analysis of the productivity of organizations is visible primarily in proposing the procedures of the statistical verification and the selection of data for the models, the study of stability and sensitivity of DEA models to interference in the data and conducting comparative studies of the productivity of Polish technical universities. The following works should be considered as an innovative development of the concept of productivity in the public sector: -indication of the possibilities of application of the DEA method in the study of productivity of the public sector (Nazarko, Saparauskas 2014; Nazarko et al. 2008c Nazarko et al. , 2012a ; Nazarko 2010; Nazarko, Ustinovičius 2012); -proposing a statistical procedure of verification and selection of data for the DEA models (Nazarko, Saparauskas 2014; Nazarko, Urban 2007); -performance of comparative studies of productisvity of the Polish technical universities (Nazarko, Saparauskas 2014; Nazarko et al. 2008c Nazarko et al. , 2012a ; -study of the stability and sensitivity of DEA models to the interference in the data (Nazarko, Urban 2007) .
The development of the theory of benchmarking in the public sector
Prof. J. Nazarko was a pioneer of the idea of benchmarking in the higher education sector in Poland. The value of the scientific achievements of Prof. J. Nazarko in the development of the concept of benchmarking consists primarily of: -indicating the importance of benchmarking in improving the quality of scientific research and higher education (Nazarko et al. 2007a (Nazarko et al. , 2007b (Nazarko et al. , 2008a (Nazarko et al. , 2008b (Nazarko et al. , 2009c Vught et al. 2008) ;
-extension of the concept of process benchmarking in relation to higher education as a tool for increasing the productivity of universities (Nazarko et al. 2008b (Nazarko et al. , 2009b Vught et al. 2008) ; -developing the concept of Kelly's benchmarking spiral in relation to the process of higher education institutions benchmarking (Nazarko et al. 2008b (Nazarko et al. , 2009a (Nazarko et al. , 2009b (Nazarko et al. , 2009c ; -defining objectives, types and phases of benchmarking in relation to higher education (Nazarko et al. 2007a (Nazarko et al. , 2008b (Nazarko et al. , 2009b 
Development of the theory and methodology of foresight research
Foresight research -with its own terminology and research instrumentarium -is constantly gaining in importance. The proof of this is the growing catalogue of foresight initiatives that, worldwide, consists of more than two thousand projects, and in Poland already contains about fifty items, as well as the increasing number of publications on the topic of foresight research in the leading journals in the field of management. At the same time, this method demonstrates a number of methodological gaps and is under constant development (Nazarko et al. 2013d; Nazarko, Kononiuk 2013) . Foresight can be regarded as a good example of interdisciplinarity in science.
Since 2006, the cognitive attention of Prof. J. Nazarko has focused on research in the field of foresight and technology management, with particular emphasis on technology foresight. Foresight studies have already been distinguished as a distinct specialty within the management sciences. The subject of the conducted research builds alternative visions of the future of science, technology, environment, economy and society. The key role of foresight is to stimulate and support various organizations in formulating their policies and strategies.
Most scientific achievements by Prof. J. Nazarko came into being in the framework of research projects and research grants. He was a member of the Steering Committee in the National Foresight Programme "POLAND 2020"at the Ministry of Science and Higher Education. On his initiative a Support Group to the Steering Committee has been appointed, composed of young researchers (Kononiuk et al. 2007; Jakuszewicz et al. 2006) . This was the basis for the formation of a research team in the field of foresight research under his direction.
In 2009, together with the established research team, he obtained funds (under the Innovative Economy Operational Programme) for the research project entitled "NT FOR Podlaskie 2020. Regional strategy for the development of nanotechnology" that dealt with the issues of technological foresight.
The aim of the research carried out in the project was to determine the strategic directions of development of the region of Podlasie, based on the paradigm of abrupt increase in productivity resulting from the implementation of innovative manufacturing processes utilizing developments in nanotechnology. The project resulted in a lot of original research findings, bringing a significant contribution to the development of management sciences. The following results should be emphasized: -projection of the nanotechnology development strategy in the region of Podlasie (Nazarko 2011a; Nazarko et al. 2013a Nazarko et al. , 2013b ; -creation of nanotechnology development routes in the Podlaskie province ; -development of a methodology of mapping key and priority technologies (Nazarko et al. 2011a ; -selection of key nanotechnologies for the economy of the Podlaskie province (Nazarko et al. 2013d); -indication of the priority directions of research in the field of nanotechnology for the development of the Podlaskie province (Nazarko et al. 2013c ); -characterization of megatrends and trends affecting the development of nanotechnology in the Podlaskie province ; -formulation of scenarios of the development of nanotechnology in the Podlaskie province ); -identification of SWOT factors of and the assessment of their significance in the years 2010 and 2020 ; -examination of the substantial scope of factors identified within the framework of STEEPVL analysis of the development of nanotechnology ; -statistical analysis of the results of the STEEPVL analysis of nanotechnology development in the region (Nazarko et al. 2011b) .
In 2010, the Ministry of Science and Higher Education commissioned the team under the direction of J. Nazarko to perform the evaluation of foresight projects implemented in Poland. The monograph, created as a result of the research, edited by the initiator entitled Evaluation study of foresight projects implemented in Poland is currently the most complete compendium of knowledge about Polish foresight initiatives (Nazarko et al. 2012b) . The monograph, published as a result of a research project sponsored by the National Science Centre (Kononiuk, Nazarko 2014) presented an original methodology of designing scenarios in foresight studies (Nazarko, Kononiuk 2013 ).
In the years 2011-2013 J. Nazarko, conducted a project on Foresight studies in the area of innovation of Mazovia companies comissioned by the Association of Employers of Warsaw and Mazovia. It is worth noting that this was the first foresight study in Poland carried out by an NGO. The primary objective of this project was to develop a model of regional foresight studies carried out for the needs of non-scientific organizations, which would be the basis for conducting similar studies in the future. Essential informative function of foresight studies, which consists of providing anticipatory knowledge of the possible options for the future, was exhibited there. The scientific results of the project implementation were two scientific monographs by J. Nazarko (2013a Nazarko ( , 2013b . In the first methodical monograph (Nazarko 2013a) the Author introduced and defined the concept of regional business information foresight, developed the research methodology and methods, and the corresponding research instrumentarium. As the important and original scientific achievements described in the work the following should be considered: -original definition of the phases of research in the foresight cycle (Fig. 1) ; -a hybrid approach to combining research methods; -application of the principles of triangulation: theoretical, methods, researchers and sources; -taking into account the development trends and unprecedented events in the construction of scenarios; -verification of scenarios using the Delphi survey; -preceding the proper Delphi research with the mini-Delphi survey.
The second monograph (Nazarko 2013b ) constitutes a case study of the practical application of the developed research methodology of the foresight study on innovation in Mazovia companies. Also in this work a number of original elements developing the theory of foresight studies appear. Inter alia, the operationalization of the main research methodology for the purpose of implementation of a specific foresight project, the way of assessing the likelihood of scenarios, the method of assessing the relevance of scenarios and the method of assessing the significance of factors in Delphi studies may be indicated. The conceptualization and operationalization of the regional business information foresight performed by J. Nazarko significantly expanded the idea of foresight as an innovative tool of strategic management which should focus more on anticipatory thinking and shaping of the conditions that are conductive to development priorities, rather than just implementation of planning activities. The theoretical concept of regional business information foresight developed by the author has been successfully tested in real economic and social environment, which is a measurable effect of interdisciplinarity of the conducted research.
In summary, the following should be considered as the innovative theoretical and methodological contribution to the design and implementation of foresight research, which is also an important contribution to the development of management science:
-introduction and an original definition of the concept of regional business information foresight; -development of an original approach to the foresight research design based on a theoretical, method, researchers and data triangulation; -creative development of the concept of SWOT analysis in relation to foresight studies, inter alia, by the introduction of the time dimension to the analysis; -creative development of the concept of the STEEPVL analysis in relation to foresight studies, inter alia, through its enrichment with the factor analysis; -creative development of the construction methodology of scenarios of development combining the approach of the intuitive logic school, prospective thinking and the Delphi type research; -development of the original concept of assessment of the relevance of scenarios through the Delphi survey; -development of the original concept of the foresight project evaluation.
In the development of technology management methodology the following should be considered as the original and creative contribution:
-development of an original approach to the technology mapping; -development of the methodology for selecting key and priority technologies; -development of the methodology for selecting the key and priority directions of scientific research.
Conclusions
Interdisciplinarity in the science practiced by Professor Joanicjusz Nazarko is manifested both in personality traits, such as openness to new ideas, ability to create research teams, a desire of unlimited sharing of knowledge, as well as in the range of the undertaken research topics from the borderline of economic and engineering sciences. In his professional work he is a supporter of an anticipatory management paradigm, determining the trajectory of development (both personal and of his co-workers), which does not imitate others, but heads for where the leaders will be in the future. In the case of Prof. J. Nazarko, both his education and the range of the undertaken research topics reflect, in the full sense of the word, the interdisciplinarity in science, as evidenced by both the scientific novelty of the studied phenomena and their practical applicability. Prof. J. Nazarko's scientific interdisciplinarity manifests itself in particular in: -diversity of the undertaken research issues; -ability to cross the boundaries between the fields of technical and social sciences, identifying problems and seeking solutions at the frontiers of scientific disciplines; -diversity of the used research approaches (theoretical, methodological, normative, empirical-descriptive); -flexibility and ability to recognise scientific problems, justified by economic needs; -ability to work in a diverse environment in terms of competence, age, skills, creating conditions for both personal and individual team members development; -breaking the stereotypical ways of thinking in the process of solving problems and anticipating future events.
Using the words of Prof. Marian Gorynia (reviewer of the academic achievements in the process of applying for the title of Professor of Economic Sciences), evolution of Prof. J. Nazarko's academic interests followed a unique path that has led to the development of a coherent set of complementary approaches, not dictated by fleeting scientific fashions.
In conclusion, Prof. J. Nazarko in his scientific activity, teaching and organizational activity consistently filled the entire space of the management triangle delineated by H. Mintzberg (McGill University, Canada), whose tips are science, art and crafts.
